Objectives: Recent studies in undergraduate medical education have demonstrated the advantage of repeated testing over repeated practice with regard to knowledge and skills retention. The aim of this study was to investigate whether this "testing effect" also applies to skills retention in undergraduate dental education.
| INTRODUCTION
In undergraduate dental education, examinations are mainly used to assess whether students have met the learning objectives and include practical and oral examinations. Following training on simulation models in phantom heads, practical skills in clinical undergraduate dental courses are usually assessed by rating students' dental work on patients. However, the current standard is met by assessment of practical and communication skills via simulation in objective structured clinical examinations (OSCE). [1] [2] [3] [4] [5] [6] [7] [8] Practical skills assessment in an OSCE via checklist and global rating provides reproducibility and reliability, both not being a given in the treatment of patients. "Summative" assessments are graded and usually create a strong incentive to prepare for a specific test, thus changing student learning behaviour. "Formative" assessments, on the other hand, are not graded and cannot be failed. Instead, these examinations yield feedback for students, potentially guiding their future study behaviour. Recent research in medical education has revealed that formative testing does not only provide a means to check one's own knowledge. Moreover, it helps to enhance long-term storage of information according to the retrieval hypothesis underlying the direct testing effect, trying to retrieve information that has previously been stored in memory. This is confirmed by studies in various areas, including neurology 9-11 and internal medicine. 12 Most published studies focused on knowledge as the main learning outcome; however, some studies have demonstrated that the testing effect also applies to practical skills. 13, 14 In the field of dental education, Baghdady et al. 15, 16 were able to show a main effect of testing condition compared to study condition on dental and dental hygiene students' comprehension of basic science mechanisms and diagnostic accuracy in dental radiology.
To the best of our knowledge, there have been no studies to date focusing on test-enhanced learning concerning practical skills in dentistry. To assess this, an appropriate test format is needed. One such format is the objective structured clinical examination that was introduced to dental education about 20 years ago. 3, 5, 6, 8, [17] [18] [19] More recently, a dental education OSCE focusing on suturing skills has been described. 20 The goal of our study was to assess the impact of repeated testing in comparison with repeated training on suturing skills retention in fourth-year dental students.
Our hypothesis was that repeated testing produces better suturing skills retention than repeated practice without testing.
| MATERIAL AND METHODS
At our institution, undergraduate dental education is divided into a pre-clinical and a clinical phase, both of which last two and a half years. Students start treating patients for the first time in a course in restorative dentistry during their third year. Simultaneously, they prepare for oral surgery courses in simulation sessions without practical end-of-term tests, for example suturing courses on pig's jaws. During their fourth and fifth year, they participate in oral surgical courses involving patients.
| OSCE design and piloting
In summer 2014, a new form of assessment was designed for the first time in the dental clinic in Göttingen. It consisted of five oral surgical stations (informed consent, postoperative consultation following a tooth extraction, local anaesthesia, tooth extraction, suturing). The suturing station demanded one single traumatic suture, threading included, as well as one non-traumatic suture. The OSCE was piloted in October 2014 to evaluate test quality criteria. The reliability of the checklists used ranged from 0.48 to 0.81 (see Table 1 ). All raters attended standard rater training sessions to ensure standard valuation and calibration.
| The study
In winter term 2014/2015, all 36 fourth-year dental students enrolled in the oral surgery course were invited to participate in a prospective randomised controlled trial. Students providing written consent were stratified according to sex and medical qualification as students who have previously completed vocational training as dental assistants or nurses may already have more experience than dental students without additional qualifications. Students were then randomised into one of two groups (see Figure 1 ). Following a practical training session providing an intensive 4-hour course with focus on suturing skills in summer 2014, all students participated in two booster sessions, 5 and 6 months after initial training, respectively. During these sessions, students in the practice group The study results were gained in this end-of-term OSCE. The suture station evaluated student's performance in threading, handling of the acutenaculum, hand and instrumental knotting, overall hygienic performance, uniformity and risk of injuries' avoidance.
| End-of-term assessment
The results of the study were gained in the end-of-term OSCE in February 2015. The suture station for instance evaluated students' performance in threading, handling of the acutenaculum, hand and instrumental knotting, overall hygienic performance, uniformity and risk of injuries' avoidance.
| Data collection and statistical analysis
Data were recorded electronically referring to the study's end point ("performance in the end-term OSCE") using tablets (Apple iPad Air;
Apple Inc., Cupertino, CA, USA). The server application "tOSCE"
(Umbrella Consortium for Assessment Networks; UCAN) was used to store data and export them to a CSV file.
Results for all OSCE stations were made up of two components:
the first component contained a number of specific outcomes that were marked as 0 ("incorrect"), 0.5 ("partially correct") and 1 ("correct").
For each student, a sum score for this component was calculated, and this contributed by 70% to the total result. The second component was one single overall rating on a scale anchored by 1 ("excellent") Differences between the two groups were assessed using independent t tests. Statistical testing was performed with IBM SPSS Statistics version 21.
.5 | Ethics approval
The study protocol was approved by the institutional review board of Göttingen University Medical Centre (application number 5/11/14).
| RESULTS
A total of 36 students volunteered to participate in the trial, but four had to be excluded due to incomplete attendance at intervention or control sessions. 
| DISCUSSION
The idea for our study was based on the results of an oral surgery OSCE recently introduced in Göttingen dental clinic. We were able to perform the piloting of five stations and corresponding checklists with the support of 36 voluntary fifth-year students. By means of the results of the pilot study, OSCE stations and checklists were revised and adapted to fit test quality criteria.
The participants of the main study were all 36 fourth-year dental students enrolled in the regular oral surgery course including an endof-term OSCE. Four students had to be excluded from the study as having missed one or both of the study interventions due to personal reasons or caused by illness. Study participation was voluntarily, and OSCE results of the suture station were declared to be formative.
The acquisition of clinical-technical skills is central to undergraduate dental education. Studies have shown that summative assessments are potent drivers of student learning activity.
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More recently, test-enhanced learning facilitated by formative assessments has received increasing attention as a means of enhancing knowledge and skills retention, and this study is one of the first to demonstrate the testing effect in dental education. 4, 5, 9, 10, [13] [14] [15] [16] 22 A specific finding of the current study is that test-enhanced learning also works when initial teaching and booster testing sessions are spaced considerably: in contrast to earlier trials using shorter delays, the first testing session occurred more than 5 months after initial teaching. 2, 10, 15, 16, 23 We still found an effect of testing on examination performance 1 month after the final booster session, indicating that spacing between initial learning and testing may be less important than (short) spacing between booster sessions and eventual skills assessment.
On the one hand, better retention should be gained by repetition, which means more suturing in the following surgical course. On the other hand, there is a shortage of patients suitable for student practice as well as of teaching time, so that this form of teaching unfortunately could not be offered regularly. Approaches from other areas of medicine teaching should therefore be explored in terms of their transferability to oral surgical studies.
Roediger and Butler stated retrieval practice, as occurs during testing, often exceeds studying in its effects on long-term retention of knowledge. 24 This statement is supported by Dobson and Linderholm, who found testing to be superior to independent study. 23 Kromann et al. 13, 14 state that in addition to the extrinsic effects of assessment and examinations on students' study habits, testing can have with P<0.001, effect size 0.93. 13 In our study, we were able to show a comparable effect in a suture setting (Cohen's d=1.33). In 2009, Wood assessed in course testing as being beneficial for students to stimulate the training process with high potential for long-term retention.
He found that assessment not only drives, but even helps learning, T A B L E 2 OSCE results per station (mean per cent score±standard deviation) for the total sample as well as for the two study groups separately. P values refer to independent t tests and the results of our study show the same for practical skills retention. 25 A study by Carpenter in the same year indicates that activation of elaborative retrieval (whereby testing shows better results than restudying) may be one of the mechanisms underlying the testing effect. 26 
| Limitations
Compared with undergraduate medical education, the number of dental students is distinctly smaller. Therefore, the main limitation of our study is a small sample size, according to the small number of students attending the same dental class at our institution.
For this reason, we were unable to include an equivalent control group.
However, the sample was large enough to detect the large effect elicited by repeated testing compared to repeated practice (Cohen's d=1.33). Given that the student cohort was small and students interact with each other a lot, contamination between the two groups (i.e students in one group informing students in the other group about the content of practice/testing sessions) is a potential threat to the validity of our results. We found no evidence of students in the control group practicing more to make up for the fact they did not receive the intervention, but even if such compensation had taken place, it did not override the observed effect.
Comparing both groups on use of resources, testing group requires more teaching time due to one-on-one supervision.
| CONCLUSION
This is the first study to demonstrate that in dental education, repeated testing produces more favourable skills retention than repeated practice. The results confirmed our hypothesis that students who had experienced repeated testing would score more points and achieve higher grades in an end-of-term OSCE than students who repeatedly practiced the same skill. One particular feature of this study was the long delay between initial teaching and the first booster (testing) session. Test-enhanced learning might be a viable concept for skills retention in undergraduate dentistry education.
